Abstract. the aim of the present study was to investigate the chromosomal aberrations that are linked with the crucial clinicopathological features of colorectal cancer (crc) and its prognosis by array-based comparative genomic hybridization (cgH). Fresh-frozen tumor tissues of 94 cases of crc were analyzed by using bacterial artificial chromosome (BAc) cgH slides spotted with 4030 human BAc clones, which covered the whole range of the human genome at an average interval of 0.83 mega base pairs. DnA copy number aberrations (DCNAs) were identified in association with clinicopathological features: a gain of 8q24.3 and losses of 9q33.1 and 20p12.2 were associated with lymph node metastasis, gain of 8q24.3 and loss of 9q33.1 with disease stage, gain of 8q21.11 and loss of 10q21.3 with lymphovascular invasion and losses of 3p25.1, 10p15.3, 12q15 and 17p13.1 for venous invasion. these aberrations can be regarded as genomic biomarkers to predict the clinical outcome of patients with crc, and are expected to serve to individualize the treatment of crc patients.
Introduction
colorectal cancer (crc) is one of the most common malignancies in humans worldwide, and apart from some familial types, usually arising sporadically (1) . cytogenetically, crc can be classified into two types based on the types of genetic abnormalities present (2, 3) . one is the major type, which is characterized by frequent chromosomal imbalances, that is, the chromosomal instability phenotype comprising more than 85% of all crcs. the other is the minor type that frequently exhibits microsatellite instability originating from DnA replication errors. the microsatellite instability phenotype comprises 10-15% of all crcs. In both types, the genomic instability leads to a degree of gains and losses of genomic DNA, which can be classified as DNA copy number aberrations (DcnAs).
recently, microarray technology has been applied to the comparative genomic hybridization (cgH) methodology, thus leading to array-based comparative genomic hybridization (a-cgH) (4) . the a-cgH method allows high-resolution and high-throughput screening of DcnAs across the whole genome. the DcnAs detected by the a-cgH method can be directly related to the DnA sequence information of a cancer to aid in the localization, identification and the validation of cancer-causing genes (4, 5) .
In general, cancers (including crc) occur as a result of the accumulation of a number of genomic aberrations that are linked with carcinogenesis and cancer progression (2, 3, 6) . thus, the a-cgH analysis is suitable for studying the carcinogenic pathway of crc with high-resolution and high-throughput results. Furthermore, the analysis of the cancer genome by a-cgH is expected to serve not only to clarify the relationship between the clinicopathological features and genomic abnormalities, but also to optimize the medical treatment of patients with crc by making use of their cancer genome information. However, there has been little information available regarding the relationship between the tumor genome and its characteristics and the associated patient prognosis (7, 8) .
the cytogenetic, as well as biological, properties of crcs differ from each other. thus, treatments based on the differences would be of benefit for the patients with CRC. Clinical information, such as the presence of lymph node metastasis and lymphovascular and blood vessel invasion, are predictors of prognosis and indicators of the optimal medical treatment approach (i.e. what kinds of adjuvant chemotherapy should be administered DcnAs that are linked with these crucial clinicopathological features of crcs and to provide the genomic information that can be valuable for the treatment of patients with crc.
Materials and methods
Materials. the present study followed the ethical guidelines of the Institutional review Board of the yamaguchi university school of Medicine. ninety-four surgically resected, freshfrozen crc sample tissues were available for the present study. the patients consisted of 51 males and 43 females, ranging from 39 to 87 years in age (table I) . the clinical staging of the tumors was according to the UICC TNM Classification, 2002 (9) . Histopathologically, 63 of the tumors were diagnosed as well differentiated, 25 as moderately differentiated, and 6 as poorly differentiated adenocarcinomas.
Array-based comparative genomic hybridization. tumor tissue sections (10-mm thick) were cut from each fresh-frozen cancer tissue specimen using a cryostat (Bright Instrument, Hunchington, UK). The sections were immediately fixed in 90% ethanol solution and stained with methylgreen (sigma, tokyo, japan). tumor tissues were microdissected using a 28-gauge needle. High molecular weight genomic DnA was extracted from the cancer tissue sections using a Dneasy tissue kit (Qiagen sciences, cA, usA). each 500 ng tumor DnA sample and reference DnA sample were labeled with Fluorolink cy5-dctp (perkinelmer, MA, usA) and Fluorolink cy3-dctp (perkin-elmer) using a Bioprime DnA labeling system (promega, wI, usA), respectively. The fluorescence-labeled DNAs were applied to a MacArray karyo4000 cgH array slide (Macrogen, seoul, korea). the array slide was spotted with 4030 human bacterial artificial chromosome (BAC) clones, which covered the whole range of the human genome at an average interval of 0.83 mega base pairs (Mb). Images of the 16-bit fluorescence intensity for spots were captured using a genepix 4000A scanner (Axon Instruments, cA, usA), and the cy5/cy3 ratio values were calculated using the MAc Viewer software program (Macrogen). All fluorescence intensity ratios were converted to log base 2. Any inadequate spots were flagged by manual inspection. 
Results
the BAc clones indicated that the DcnAs differed for every case. Although there were differences in the DcnAs between each of the 94 cases of crc, the most frequent Dcn gain was of 20q11, which was observed in 76% of the cases. the frequency of DnA copy number gain at 13q and 7p (58%) was also high (table II) . on the other hand, the most frequent DnA copy number loss was at 18q23, and was detected in 74% of the cases (table II) .
Lymph node metastasis and DCNA. Fig. 2A shows the results of the χ 2 test between crcs with lymph node metastasis and those without metastasis with regard to all 4030 of the BAc clones mounted on a-cgH slide, as well as the corresponding p-values. Fig. 2A shows that the crcs with lymph node metastasis were associated with a gain of 11q and losses of 5q, 9, 17p and 20p (arrows, p<0.01). The figure also demonstrates that crcs without lymph node metastasis were associated with a gain of X, and losses of chromosomes 14 and 15 (dotted arrows, p<0.01).
The specific BAC clones with p<0.01 are listed in Table III . CRCs with lymph node metastasis were significantly associated with a gain of clone 2748 (8q24. for all 4030 BAc clones mounted on the a-cgH slides with the corresponding p-values. The figure also shows that the advanced stage crcs were associated with a gain of 11q and losses of 5q, 9, 14, 17p and 20p (arrows, p<0.01). the specific clones with p<0.01 are listed in table IV. Advanced stage crcs were significantly associated with a gain of clone 2748 (8q24.3) and a loss of clone 4289 (9q33.1) (p<0.001). these two BAc clones that were associated with advanced stage crcs were also included in those that were linked with crcs with lymph node metastasis.
Lymphovascular invasion and DCNA. Fig. 2c shows the p-values corresponding to the 4030 BAc clones that were estimated by the χ 2 test between crcs with lymphovascular invasion and those without lymphovascular invasion. the crcs with lymphovascular invasion were associated with an increased frequency of gains of 8q and 21, and losses of 10, 11 and y (arrows, p<0.01). Further, Fig. 2c shows that the crcs without lymphovascular invasion were associated with a gain of 1q, and losses of 1p, 14 and 15p (dotted arrows, p<0.01).
The specific BAC clones with p<0.01 are listed in Table V . CRCs with lymphovascular invasion were significantly associated with a gain of clone 4208 (8q21.11) and a loss of clone 4467 (10q21.3) (p<0.001).
Venous invasion and DCNA. Fig. 2D shows the results of the χ 2 test between crcs with venous invasion and those without venous invasion concerning all 4030 of the BAc clones mounted on a-cgH slides with their corresponding p-values. the crcs free of venous invasion were associated with gains of 8q, 14, 22 and Xp, and losses of 3p, 8p, 9p, 10p and 17p (arrows, p<0.01).
The specific BAC clones with p<0.01 are listed in Table VI . CRCs with venous invasion were significantly associated with losses of clone 230 (10p15.3), 1536 (17p13.1), 2562 (3p25.1) and clone 2084 (12q15) (p<0.001).
Discussion
the biological properties of cancers differ by patient and by cancer subtype. thus, treatments based on an individual cancer would be of benefit to patients. Clinically significant information for patients with crc, such as the presence of lymph node metastasis, the clinical stage, and lymphovascular and venous invasion, are predictors of prognosis and indicators of the likelihood of a response to treatment. In the present study, a-cgH yielded a more statistically meticulous analysis than previous chromosomal cgH. our previous cgH analysis showed that a gain of 8q24 was the most significant factor related to lymph node metastasis and advanced tumor stage in crcs (7, 8) . since advanced stage tumors are usually accompanied by lymph node metastasis, there were many overlapping DcnAs that were associated with lymph node metastasis and an advanced tumor stage in CRCs. However, elevated tumor stage alone was significantly associated with an increased frequency of a gain of X and chromosome 15 in the present study. other factors that were determinants of an advanced tumor stage that were separate from lymph node metastasis were liver metastasis and peritoneal metastasis. However, since the number of these cases was limited in comparison to those with lymph node metastasis, the details could not be determined. the 8q24 locus is frequently amplified not only in colorectal cancer but also in other types of cancer, e.g., breast cancer (10) and prostate cancer (11) . A number of reports have speculated that aberrations of 8q24 are associated with malignant transformation of a cell, and the cMyc gene, which is located at 8q24, has been suggested as a dominant candidate gene for carcinogenesis (7, 8, 10, 11) . However, since numerous genes other than cMyc are included in this region, multiple genes located at 8q24 may take part in the carcinogenesis.
In the present study, the crc patients with loss of 20p12.2 demonstrated a high frequency of lymph node metastasis. the jAg1 gene is located at 20p12.2, and the notcH1 gene is at 9q34.4. Although these loci are associated with ArAjIru syndrome, elevated expression of jAg1 and notcH1 was also reported as a marker of poor prognosis in breast cancer (12, 13) . the same association has been reported in crcs (14) . Furthermore, JAG1 mRNA has been shown significantly increased in most familial adenomatous polyposis (FAp) adenomas in comparison to that of normal intestinal tissue (15) . table IV demonstrates that a loss of 20p12.2 (clone 768), on which JAG1 is located, has a significant correlation with the lymph node metastasis of crc (p<0.01). gain of 8q24.3 and loss of 20p12.2 were independent factors for lymph node metastasis. All 7 crcs that had either 8q24.3 gain or 20p12.2 loss had lymph node metastasis. Among 32 crcs with either aberration, 26 tumors demonstrated lymph node metastasis. Furthermore, crcs with lymphovascular invasion showed an increase of 8q2 gain in addition to 10q21 loss, which is reported to be associated with Alzheimer's disease (16) .
crcs with venous invasion were associated with an increased frequency of losses of various BAc clones. For example, losses of 12q15 and 17p13.1 encoding IFng and p53, respectively, were both associated with venous invasion. Furthermore, the results showed a high frequency of losses of the cadherin-related genes, for example, the β-catenin domain was associated with lymph node metastasis, and the α-3 catenin domain with lymphovascular invasion (14, 16) . therefore, metastatic colorectal cancer might not express either cadherin or catenin proteins, which may result in exfoliated cancer cell metastases.
In conclusion, the present study examined the relationship between the clinicopathological features of crc and DcnAs: a gain of 8q24.3 and losses of 9q33.1 and 20p12.2 were associated with lymph node metastasis, gain of 8q24.3 and loss of 9q33.1 with disease stage, gain of 8q21.11 and loss of 10q21.3 with lymphovascular invasion and losses of 3p25.1, 10p15.3, 12q15, and 17p13.1 for venous invasion. these aberrations can be regarded as genomic biomarkers to predict the clinical outcome of the patients with crc, and are expected to serve to individualize the treatment of crc patients. Further clarification of the genomic and clinical correlations is expected to provide more useful genomic biomarkers for clinical management of the patients with crc.
